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Allowable stress design, 239, 241, 243, 245, 
246, 249 
Ang—Morris power model, 168 


Beam-—column joints 
hysteretic behavior, 235 
modeling, 243 
Beam-—column members 
flexible connections at both ends, with, 
211, 212 
stiffness equation for, 205-8 
Beam-to-column connections 
design, 18-21 
effect of lack of fit. See Lack of fit 
extended end plate connection, 38, 47-50 
extended end plate tests, 49 
flange cleat behaviour, 43-5 
flush end plate connections, 45—7 
flush end plate tests, 48 
initial stiffness, 52, 71-90 
curves, 38 
extended plate repeated test, 40 
extended plate test, 39 
flange cleat test, 31, 32 
flush end plate test, 34, 35 
seat and web cleats and flange cleat 
connection, 46 
summary of, 51 
web cleat test, 26, 27, 28 
moment versus horizontal slip, 29, 30 
moment-rotation behavior, 163 


Beam-to-column connections—contd. 
rotation measurement, 21-5 
rotational stiffness characteristics, 17—54 
seat and web cleat connection, 45 
selection, 18-21 
semi-rigid steel, 71-90 
summary of tests, 19 
test apparatus, 21-5 
test procedure, 21-5 
test results, 25—38 
web cleat behaviour, 41-3 

Beam end moments, 198 

Beam rotation ductility ratios, 247 

Beam stiffness relationship, 174-9 

B/H ratio, 267, 268, 283 

Bi-linear approximation for connection 

curves, 222 

Bolted connections, 8 

Bowing effect, stiffness equation, 213-18 

Bowing effect in two story—four bay frame, 

218 
Braced frames, 8-9 
Building drifts, 268 


Cold formed steel channels, 3 

Colson power model, 168 

Column stiffness relationship, 171 

Composite partial continuity, 6 

Computer-based design analysis, flexibly 
jointed frames, 203-31 

Concrete buildings, 3 
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Connection angles, deformation of, 77-80 
Connection curves 

approximated, 224 

bi-linear approximation for, 222 
Connection flexibility parameter, 273 
Connection modeling, 219-28 
Connection stiffness, distribution of 

moments accounting for, 282 

Connection stiffness parameter, 273 
Contragradient law, 177 
Controlled moment connections, 2, 3 
Controlled moment web connection, 6 
Cyclic behavior of panel zone, 99 


Dead-load deflection, 253 

Deflection control in floors, 8 

Deformation effects on structure strength 
and stiffness, 244-6 

Direct stiffness approach, 272 

Double web angles, 5, 223 

Drift calculation procedures, 269 

Drift effect, 256—7 

Drift estimation, 283 

Drift index, 268, 283 


Element stiffness matrix, 179 
End-plate connections, moment-rotation 
relationship, 137-57 
End-plate separation 
comparison of experimental, finite 
element and predicted values, 153 
experimental verification, 151 
moment, versus, 151, 154 
prediction, 147 
equation, 150 
parametric study, 148-50 
Equivalent axial distributed force, 209 
Extended flange plate connections, 264 
Exterior columns, 9 


Finite element analysis, 141 
2-D and 3-D, 141-55 
comparison of 2-D and 3-D results, 
146-7 
Finite element mesh configuration 
2-D, 142 
3-D, 145 
Finite element modeling, 137 
Fixed-end force vector, 177, 178, 180 
Flange-plate connection model, 267 
Flange stress distribution, 105 
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Flat roofs, 5 
FLEXFRAME program, 263-6, 270 
Flexible connected frames, analysis of, 
161-202 
Flexible connections, modeling, 210-11 
Flexible end calculations, 275 
Flexible end conditions, 274 
Flexible end moments, 272-3 
Flexibly connected frames 
nonlinear connection elastic frame 
analysis, 171-81 
nonlinear behavior, 171-81 
unbraced steel, 261-86 
Flexibly jointed frames, computer-based 
design analysis, 203-31 
Floor beams, partial continuity, 6, 7 
Floor girder design condition, 257 
Floor structures, 3-8 
Floors, deflection control in, 8 
Flush end-plate connections 
analytical modeling, 141-6 
typical uses of, 140 
Flush end-plate parameters, 152 
Force—displacement relationship, 171 
Frame stability, 10 
Frye—Morris polynomials, 167, 264 
Fully-Restrained connections, 203-5, 254 


Gravity model 

exterior bays, 271 

interior bays, 271 
Gravity plus 3E design, 239, 246 
Gravity re-analysis, 276, 280 


Hybrid beam element, 175, 176, 181 


Initial stiffness 
comparison of predicted and test results, 
88 
prediction of, 80-9 
semi-rigid steel beam-to-column 
connections, 71 
total, 87-8 
Initial tangent stiffness, 219 
Instability effects, 264 
Iteration procedure, 212-13, 282 


Joint distortion ductility ratios, 248 
Joint panel zone behavior, 234-7 
Joint strength and stiffness effects on f 

dynamic response, 246-9 


Jones—Kirby—Nethercot B-spline model, 
167 


K-factor, 253, 255, 258, 259 


Lack of fit 
effect on connection restraint, 55-69 
moment-rotation characteristics, 65-8 
production of, 56-9 
summary of tests, 57 
test arrangement, 56 
test procedure, 56 
test results, 59-65 
Leaner column effects, 254—5 
L’Hospital rule, 173 
Live-load deflection, 253 
Load and resistance factor design 
(LRFD), 122, 254-7 
Load-deflection behavior, 195 
Load-deflection graph, 131, 133 
Load-deflection hysteretic loops, 97 
Load versus roof displacement diagrams, 
244 
Loading/unloading characteristics, 165, 
166 
Low-rise frames, 9 
Lui—Chen exponential model, 168 


M-0@ characteristics, nonsway frame, 187 
curves, 165 
nonsway frame, 191 
semi-rigid connections, 163-4 
M-4 relationship, pseudo-connection for 
plastic hinge, 182 
curves 
extended end plate tests, 64 
flange cleat connection with enlarged 
bolt holes, 61 
flat and distorted flush end plates, 63 
flush end plate to unstiffened column 
flanges, 36 
flush end plate with limited welding, 37 
perfect and imperfect cleated 
connections, 60 
Material non-linearities, 264 
Maximum column moment, 225, 226, 227 
Moment-curvature-thrust relationship, 
183 
Moment-rotation behavior 
beam-to-column connections, 163 
semi-rigid connections, 73—7 
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Moment-rotation curves, 133, 219, 252-4 
Moment-rotation relationship, 215, 219 
end-plate connections, 137-57 


Neck plates, 10-11 
Nonlinear connection elastic—plastic hinge 
frame analysis, 181-3 
Nonlinear connection elasto-plastic frame 
analysis, 183-5 
Nonsway frame 
analysis, 187 
geometry and loading conditions, 189, 
193, 196 
response of, 192, 194 


P-A effect, 171, 254, 267 
Panel shear deformation, 115 
Panel yield strength, 236 
Panel zone 
cyclic behavior of, 99 
deformation, 100, 110 
effect on seismic response, 233-50 
flexibility, 91-118 
Partial moment connection, 5 
Partially-Restrained (PR) connections, 
203-5, 214, 251-60 
analysis considerations, 254—5 
design example, 255-9 
design of frames using, 253 
experience with frames using, 256 
inelastic considerations, 252-4 
moment-rotation curves, 252-4 
restraining effect of girders on columns, 
253 
Pinned beam-to-column connections, 10 
Plastic analysis, 10 
Plastic design, 4 
Plastic hinges, 181-3 
Plastification-sensitive frame behavior, 268 
Portal analysis, 278 


Reinforced concrete flat slab, 3 

Relative flexibility factor, 273 
Richard—Abbott exponentials, 264 

Roof structures, 3-8 

Rotational stiffness characteristics, 17—54 


SAS program, 150 
SEAOC 1980 design, 241, 243, 246, 249 
SEAOC 1985 design, 239, 243 
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Secant stiffness method, 212-13 
Seismic design of steel frame structures, 
233 
Seismic moment joints 
alternative design methods, 111-16 
analytical modeling, 110-11 
comparison of joint behavior, 109 
connection behavior, 98 
connection tests, 93-9 
panel zone flexibility in, 91-118 
subassemblage tests, 99 
Seismic moment-rotation relationships, 
111 
Seismic response 
effect of panel zone deformations, 
233-50 
steel frame structures, analytical study 
of, 237-49 
Semi-rigid connections, 1-13, 72 
economic study of, 12 
field bolted, 2 
initial stiffness, 71-90 
joint research groups, 12 
potential applications, 2-3 
potential savings in, 3 
use of term, 2 
SETUP program, 127-8 
Seven-story frame, 238, 240, 247, 248, 283 
Shear force—displacement relationships, 
112 
Shear force versus shear deformation 
behavior, 235 
Shear strength and stiffness of joints, 235 
Skip loading, 6 
Slender frames, 267 
Slope—deflection relationship, 175, 176 
Steel frame analysis, flexible joints, 
161-202 
Steel joist versus hot rolled steel beam 
purlin, 3 
STEP program, 128-9 
Stiffness equation 
beam-column members, 205-8 
bowing effect, 213-18 
connection flexibility, including, 211-12 
Stiffness loss due to axial load, 255 
Stiffness matrix, 212, 231 
Story drift curve shown, 252 
Stress—strain curves, 144 
Structural steel framing, 1-13 
economic advantage, 2 
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Sway frame 

analysis, 195-9 

load-deflection behavior, 197, 200 
Sway-sensitive frame behavior, 268 


Ten-story frame, 238, 242, 247, 248 
Tension flange angle, 80-4 
Top-and-seat-angle connections, 222 
angle members, 124—5 
description of connection type, 120-1 
determining factor for load increment, 
129 
elastic-plastic analysis, 119-35 
examples, 130-2 
formulation of structural solution, 122-7 
linear structural analysis, 128 
model, 266 
modeling, 122-4 
plastic analysis, 132 
plot of results, 130—2 
prior research, 121-2 
rigid spacing elements, 126 
SETUP program, 127-8 
solution summary, 129-30 
STEP program, 128-9 
step-by-step solution, 127 
stiffness modifications for hinges, 125-6 
structural calculations, 127—30 
SUMCUM program, 130 
with web clips, 264 
Two story—four bay frame, 215 
bowing effect in, 218 
Two story—one bay frame, 214 
Type 1 design procedure, 261 
Type 2 design procedure, 261, 262-70 
limits of applicability, 284 
modified, 270-83, 285 
Type 2 unbraced frames, 274 
Type 2 wind connections, 264 
Type 3 design procedure, 261 


Unbraced frames, 9-10 
von Mises’ yield criterion, 236 


Web angle contribution, 85—7 
Welded connection specimen, 97 
Welded moment-resisting connection, 95 
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